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(S) Flame retardant polycarbonate blends. 



@ Polycarbonate blends which contain phosphorus compounds and siloxane copolymers are disclosed 
herein. Said polycarbonate blends unexpectedly retain high glass transition temperatures, high impact 
resistances as well as flame retardant properties. 
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Field of the Invention 

This invention relates to new compositions of matter. More particularly, novel polycarbonate blends which 
contain phosphorus compounds and siloxane copolymers are disclosed. Said polycarbonate blends unexpect- 
5 ediy retain high glass transition temperatures, high impact resistances as well as flame retardant properties. 

Baclcground of the Invention 

Polycarbonates are a well l<nown class of high impact resistant thermoplastic resins characterized by opt- 
to ical clarity, high ductility as well as other advantageous properties: They are frequently employed as lenses 
and windows as a result of their transparency. Bisphenol A polycarbonate (BPA) is the predominant commer- 
cially available resin of this type. It is derived from 2,2-bis(4-hydroxyphenyi)propane, and ordinarily has a glass 
transition temperature of about ISO'^C. 

It Is of increasing interest to prepare polycarbonates which, while retaining the ductility of bisphenol A poly- 
15 carbonates, have higher glass transition temperatures and are therefore more resistant to softening when heat- 
ed. Moreover, there is demand for polycarbonates which possess flame retardant properties and high impact 
strengths since they are, for instance, conventionally used in the automotive, electrical and computer indus- 
tries. Several flame retardant agents have been utilized in an attempt to produce flame retardant polycarbon- 
ates. For example, alkali metal salts of strong sulfonic acids are commonly used. However, when incorporated 
20 into the polycarbonate, the resulting polymer is hydrolytically sensitive. Further, when using these salts, it is 
necessary to employ drip inhibitors or gas phase flame retardant agents. This is not ideal since drip inhibitors 
may destroy the clarity of the polymer and gas phase retardants are often halogenated which creates problems 
with conrosion and toxicity. As an alternative to the above, phosphorus containing compounds have been used. 
When blended with a base polycarbonate, some flame retardant properties are observed. However, the re- 
25 suiting polymer blends are not desirable since they possess low glass transition temperatures (Tg) and low 
impact resistances when compared to base resins deplete of the phosphorus containing compounds. 

The instant invention, therefore, is based on the discovery of novel polycarbonate blends. Said polycar- 
bonate blends contain phosphorus compounds and siloxane copolymers and they unexpectedly retain high 
glass transition temperatures, high impact resistances as well as flame retardant properties. 
30 Moreover, the polycarbonate blends described herein possess siloxane copolymers with covalent silicon- 
carbon bonds. However, siloxane copolymers with covalent silicon-oxygen-carbon bonds may also be em- 
ployed. Siloxane copolymers with covalent silicon-carbon bonds are often preferred since they are hydrolyti- 
cally stable. 

High glass transition temperatures may be defined as at least about 125''C and high impact resistances 
35 are defined as at least about 10 ft lb/in of notch. Flame retardant properties as used throughout means poly- 
carbonate blends which satisfy UL-94 V-0 requirements for flammability as shown by Flammability of Plastic 
Materials Bulletin of January 24, 1980. The rates of heat release and smoke release as mentioned below were 
determined according to standard Ohio State University protocol (ASTM E906-83). It is also noted that the 
flame retardant polycarbonate blends described herein are free of alkali metal and alkaline earth metal salts 
40 of sulfonic acids as well as gas phase flame retardants such as bromine compounds. Furthermore, the term 
polycarbonate blends used throughout means polycarbonate copolysiloxane compositions comprising phos- 
phorus compounds, and the term siloxane copolymers includes siiicone-poly(arylcarbonate) block copolymers 
such as polydiorganosiloxane block copolymers. 

It is further within the scope of the instant invention to employ polycarbonate impact modifiers, thermal 
45 stabilizers, ultraviolet screeners, fillers, glass fibers as well as additional conventional additives. 

Description of the Prior Art 

Accordingly, flame retardant polymers have been disclosed in the art. In CA Selects: Flammability 119 (14): 
50 98052 (1993), a fire resistant polyester carbonate composition which comprises siloxane is disclosed. Said 
polyester carbonate may further comprise halogen atoms as well as phosphoric acid esters in order to obtain 
desired properties. Moreover, in producing the above-mentioned polyester carbonate it is necessary to employ 
drip Inhibitors, such as polytetraf luoroethylene (PTFE), which characteristically decrease the clarity of the poly- 
mer. 

55 still other investigators have focused their attention on flame retardant polymers which comprise phos- 
phorus and polysiloxane. In German Abstract DE3629548, a phosphorus and polysiloxane containing flame 
resistant material is disclosed which comprises of, among other things, a substituted styrene, a 
(meth)acrylonitrile or a maleic anhydride. Furthermore, when producing the material, drip inhibitors such as 
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PTFE are required which again decrease the clarity of the polymers. 
Summary of the Invention 

5 The Instant Invention is based on the discovery of novel polycarbonate blends. Said poiycarbonate blends 

comprise as an additive about 0.5 to about 9.5 weight percent of phosphorus containing compounds but pre- 
ferably about 2.0 to about 5.0 weight percent of said phosphorus containing compounds based on total weight 
of the polycarbonate blend, wherein the total amount of phosphorus in the polycarbonate blend is no greater 
than about 0.5 weight percent based on total weight of the polycarbonate blend. Moreover, the polycarbonate 

10 blends described herein comprise about 5 to about 99.5 weight percent of slloxane copolymers based on total 
weight of the polycarbonate blend, wherein said slloxane copolymers comprise of at least about 0.5 weight per- 
cent silicon based on total weight of the polycari^onate blend but preferably at least about 2 weight percent 
silicon based on total weight of said polycarbonate blend. It Is noted that It is not always necessary to employ 
additional polycarbonates when preparing the Instant polycarbonate blends since the total amount of polycar- 

15 bonate in the polycarbonate blends may originate from the slloxane copolymers. 

An additional feature of the novel polycarbonate blends described herein Is that they unexpectedly retain 
high glass transition temperatures, high impact resistances as well as flame retardant properties without re- 
quiring the use of an added drip inhibitor. However, drip Inhibitors such as polytetrafluoroethylene can be em- 
ployed. 

20 Further features and advantages of the invention will be made evident upon reference to the following de- 
tailed description. 

Detailed Description of the Preferred Embodiments 

25 The polycarbonate blends of the instant invention may comprise structural units of the formulae 

o 

30 -O-A^-O-J- ' 

and 



-O-A^-Y-A^-O-fl- • " 

40 wherein II is a preferred subgenus of I. 

Is a divalent substituted or unsubstltuted aliphatic, allcyclic or aromatic radical and A^ and A^ are each 
independently a monocyclic divalent aromatic radical. Y is a bridging radical In which 1 to 4 atoms separate 
A2 from A3. 

The A^ and A^ values may be unsubstltuted phenylene or substituted derivatives thereof, illustrative sub- 
45 stituents (one or more) being alkyi, alkenyl, alkoxy and the like. Unsubstltuted phenylene radicals are preferred. 
Both A2 and A^ are preferably p-phenylene, although both may be o- or nn-phenylene or one o- or m-phenylene 
and the other p-phenylene. 

The bridging radical, Y, Is one In which one or two atoms, preferably one, separate A^ from A^. It is most 
often a hydrocarbon radical and particularly a saturated radical such as methylene, cyclohexylmethylene, 2- 
50 [2.2.1]bicycloheptylmethylene, ethylene, isopropylidene, neopentylidene, cyclohexylldene, cydopentadecyli- 
dene, cyclododecylideneoradamantylldene, especially a gemalkylene (alkylidene) radical. Also included, how- 
ever, are unsaturated radicals and radicals which contain atoms other than carbon and hydrogen; for example, 
2.2-dichloroethylldene, carbonyl, phthalidylidene, oxy, thio, sulfoxy and sulfone. For reasons of availability and 
particular suitability for the purposes of this invention, the preferred units of formula II are 2,2-bis(4-phenyl- 
55 ene)propane carbonate units, which are derived from bisphenol Aand in which Y is isopropylidene and A^ and 
A3 are each p-phenylene. 

Further, it is within the scope of the invention to include the formula 

HO-A^-OH , 111 
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which is the source of structural units of formula I above; 
is as previously defined. 
Illustrative non-limiting examples of 111 include: 

2,2'bis(4-hydroxyphenyl)-propane (bisphenol A); 
5 2,2-bis(3.5-dibromo-4-hydroxyphenyl)propane; 

2,2-bis(3,5-dimethy!-4-hydroxyphenyl)propane; 

1 ,1 -bis(4-hydroxyphenyt)cyclohexane; 

1 .1 -bis(3,5-dimethyl-4-hydroxyphenyl)cyclohexane; 

1 .1 -bis(4-hydroxyphenyl)decane; 
10 1 ,4-bis(4-hydroxyphenyl)propane; 

1 ,1 -bis(4-hydroxyphenyl)cyclododecane; 

1 ,1 -bis(3,5-dimethyl-4-hydroxyphenyl)cyclododecane; 

4,4-dihydroxydiphenyl ether; 

4,4>thiodiphenol; 
15 4,4-dihydroxy-3,3-dichlorodlphenyl ether; 

4,4-dihydroxy-3,3-dlhydroxydiphenyl ether; 

1,3 benzenediol; and 

1,4-benzenediol. 

Other useful dihydroxyaromatic compounds which are also suitable for use in the preparation of the above co- 
20 polycarbonates are disclosed in U.S. Patents 2,999,835; 3,028,365; 3,334,154 and 4,131,575, all of which are 
incorporated herein by reference. The preferred bisphenol is 2,2-bis(4-hydroxyphenyl)propane (bisphenol A). 

In addition to the above, the copolycarbonates of the instant invention may also contain units correspond- 
ing to the dihydroxy compounds disclosed by name or formula (generic or specific) in U.S. Patent 4,217,438, 
the disclosure of which is incorporated herein by reference. Such copolycarbonates typically comprise about 
25 25-75% by number of substantially pure bisphenol units (cis- or transisomers or both) with the balance being 
alternative units such as those depicted by formulae I and II. 

The polycarbonates of the instant invention may be prepared by reacting bisphenols with a carbonate 
source such as phosgene or dimethyl carbonate using conventional techniques. These include melt polymer- 
ization, interfacial polymerization and interfacial conversion with bischloroformate followed by polymerization. 
30 Chain termination agents such as phenol may also be employed. 

The preferred siloxane copolymers employed in the instant invention contain the formula 



35 




wherein each A^ is independently a substituted or unsubstituted divalent aromatic radical and each is in- 
dependently a Ci-Ce hydrocarbon radical or a substituted or unsubstituted aromatic radical. It is often preferred 
that Ri is a methyl group. Each A& is independently a substituted or unsubstituted divalent aromatic radical; 

45 however, often each A* is a para aromatic radical with an alkoxy group in the meta position, wherein the pre- 
ferred alkoxy group is a methoxy group. Further, m and n may each independently be an integer from 1 to 200 
such that the siloxane copolymer has a weight average molecular weight of at least about 2,000 but preferably 
at least about 5,000. Additionally, x may be any integer from 2 to 5 and y may be any Integer from 5 to 100, 
and each Z is a polycarbonate end group. 

50 The polycarbonate blends disclosed herein comprise at least one of the phosphorus containing compounds 
represented by the fonmulae 
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A«0-P-OA« 
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wherein each is independently a substituted or unsubstituted monovalent aliphatic, alicyclic or aromatic rad- 
ical and q is any integer from 0 to 10. Each is a divalent substituted or unsubstituted aliphatic, alicyclic or 
aromatic radical. Illustrative examples of said phosphorus containing compounds include triaryl phosphates 
such as trtphenylphosphate and tetraaryl resorcinol diphosphates such as tetraphenyl resorcinol diphosphate. 

A phosphorus containing compound as depicted above may be prepared, for instance, by reacting a mono- 
hydroxyaromatic compound with phosphorus oxychloride in the presence of a Lewis acid catalyst (such as 
AlCIa) to produce a chlorophosphoric acid diester. Said diester is then reacted with an aromatic bisphenol, again 
in the presence of a Lewis acid catalyst, to produce a diphosphate compound as described by formula V. 

Siloxane copolymers (silicone-polycarbonate block copolymers) employed in the instant invention may be 
prepared by a method which intercondenses a hydroxyl-terminated polycarbonate oligomer with a halo- 
terminated polydiorganosiloxane in the presence of acid acceptors such as methylene chloride and triethyla- 
mlne. Such methods for preparing siloxane copolymers are described in U.S. Patents 4.920,1 83 and 3,1 89,662 
In which the disclosure of both is incorporated herein by reference. 

The preferred siloxane copolymers employed in the instant invention may be prepared by a method which 
phosgenates a mixture of dihydroxy compounds and organopolysiloxanes, wherein said organopolysiloxanes 
are often made by hydrosilylation of an alkenyl phenol with a silicon hydride terminated polydiorganosiloxane. 
Such a method is described in commonly assigned U.S. Patent 3,419,634 the disclosure of which is incorpo- 
rated herein by reference. 

The following examples and table are provided to further illustrate and facilitate the understanding of the 
invention. All products obtained may be confirmed by conventional techniques such as proton and carbon 13 
nuclear magnetic resonance spectroscopy as well as gel permeation chromatography. Moreover, the entries 
in the table below have been prepared In the manner described in Examples 1 and 2. The data confirms the 
unexpected results obtained in the instant invention. 



Example 1 



45 



50 



Into a mixing vessel was placed 2000g of a bisphenol A polycarbonate having a weight average molecular 
weight of 50,000 and 51 .3g of tetraaryl resorcinol diphosphate (2.5 weight percent of total weight of blend) as 
purchased from AKZO. The resulting mixture was stirred to produce a polycarbonate-phosphate blend in the 
form of a powder. The powder was extruded at 280*'C on a 3.1 8 cm single screw extruder to produce pellets. 
The pellets were then dried and injection molded at dOO^'C yielding a polymer blend. The polymer blend dis- 
played a Tg of 139°C with (1/8") notched Izod impact of 2.4 ft lbs/in. UL-94 at 60, 90 and 120 mils failed due 
to flaming drips. Rate of heat release (RHR) was 1 91 kw/m^ and smoke release rate (SRR) was 673 smoke/min, 
m2. 



55 



Example 2 

Into a mixing vessel was placed 1 500g of a bisphenol A polycarbonate having a weight average molecular 
weight of 50.000, 500g of bis-eugenol siloxane bisphenol A copolycarbonate (20 weight percent siloxane co- 
polymer with a siloxane chain length of 50 units) to produce a 5 weight percent siloxane based on total weight 
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of the polycarbonate blend and 51. 3g of tetraaryl resorcinoi diphosphate (2.5 weight percent of total weight of 
blend) as purchased from AKZO. The resulting mixture was stirred to produce a polycarbonate-phosphate co- 
polysiloxane blend In the form of a powder. The powder was extruded at 280°C on a 3.18 cm single screw 
extruder to produce pellets. The pellets were then dried and injection molded at 300X to produce a polymer 
5 blend having a Tg of 137''C and notched Izod impact (1/8") of 17.8 ft lb/in. UL-94 at 60, 90 and 120 mils were 
all V-0. RHR was 113 and SRR was 355. 

Example 3 

10 Example 3 was prepared in a manner similar to Example 2 except that 0.04 weight percent based on total 

weight of the polycarbonate blend (0.8g) of potytetrafiuoroethylene was employed as a drip inhibitor. UL-94 at 
60 mils was V-0. 
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Claims 



10 



15 



20 



2. 



4. 



A polycarbonate btend comprising: 

(a) as an additive about 0.5 to about 9.5 weight percent of a phosphorus containing compound based 
on total weight of the polycarbonate blend, wherein the polycarbonate blend has no greater than about 
0.5 weight percent phosphorus based on total weight of said polycarbonate blend; 

(b) siloxane copolymers wherein said slloxane copolymers comprise of at least about 0.5 weight percent 
siiicon based on total weight of said polycarbonate blend; and 

(c) a polycarbonate. 

A polycarbonate blend In accordance with claim 1 wherein said polycarbonate blend comprises as an ad- 
ditive about 2.0 to about 5.0 weight percent of said phosphorus containing compound. 

A polycarbonate blend in accordance with claim 1 wherein said siloxane copolymers comprise of at least 
about 2 weight percent silicon based on total weight of the polycarbonate blend. 

A polycarbonate blend in accordance with daim 1 wherein said polycarbonate blend comprises of at least 
one structural unit of the formula 



25 



•O-A' 



■O-ft. 



wherein A^ is a divalent aliphatic, alicyclic or aromatic radical. 

5. A polycarbonate blend in accordance with daim 4 wherein A^ is represented by the formula 

A2-Y-A3 , 

wherein A^ and A^ are each independently a monocyclic divalent aromatic radical and Y Is a bridging rad- 
ical. 

6. A polycarbonate blend in accordance with claim 1 wherein all of said polycarbonate in said polycarbonate 
blend originates from the siloxane copolymer. 

7. A polycarbonate blend in accordance with daim 6 wherein said polycarbonate blend comprises of about 
5 to about 99.5 weight percent of said siloxane copolymers. 

^ 8. A polycarbonate blend in accordance with daim 1 wherein said siloxane copolymer has the formula 
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0-A^-C-A^ 
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wherein each A^ is independently a substituted or unsubstituted divalent aromatic radical and each A^ is 
independently a substituted or unsubstituted divalent aromatic radical and each is independently a 
Ci-Ce hydrocarbon radical or a substituted or unsubstituted aromatic radical wherein m and n may each 
independently be an integer from 1 to 200 and x may be any integer from 2 to 5 and y may be any integer 
from 5 to 100 and each Z is a polycarbonate end group. 

9. A polycarbonate blend in accordance with daim 8 wherein A^ is a para aromatic radical with an alkoxy 
group in the meta position. 
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10. A polycarbonate blend In accordance with claim 9 wherein said alkoxy group is a methoxy group. 

11. A polycarbonate blend in accordance with claim 1 wherein said polycarbonate blend comprises at least 
one phosphorus compound of the fomnulae 



and 




A 

wherein each A® is independently a substituted or unsubstituted monovalent aromatic radical and q is any 
integer from 0 to 10 and each A^ is independently a divalent aliphatic, alicyclic or aromatic radical. 

12. A polycarbonate blend in accordance with daim 11 wherein said polycarbonate blend has a glass transi- 
tion temperature of at least about 125°C. 

13. A polycarbonate blend in accordance with claim 12 wherein said polycarbonate blend has an impact re- 
sistance of at least about 10 ft lb/In of notch. 

14. A polycarbonate blend in accordance with daim 13 wherein said polycarbonate blend comprises a drip 

inhibitor. 

15. A polycarbonate blend in accordance with daim 14 wherein said drip inhibitor is polytetrafluoroethylene. 

16. A polycarbonate blend In accordance with claim 13 wherein said polycarbonate blend does not comprise 
a drip inhibitor. 

17. A polycarbonate blend in accordance with claim 11 wherein said phosphorus compound is a triarylphos- 
phate. 

1 8. A polycarbonate blend in accordance with daim 1 7 wherein said phosphorus compound is triphenylphos- 
phate. 

19. A polycarbonate blend in accordance with claim 11 wherein said phosphorus compound Is a tetraaryl re- 
sorcinol diphosphate. 

20. A polycarbonate blend in accordance with claim 19 wherein said tetraaryl resorcinol diphosphate is a tet- 
raphenyl resorcinol diphosphate. 

21. A polycarbonate blend in accordance with daim 5 wherein said structural unit is a 2,2-bis(4-phenyl- 
ene)propane carbonate unit. 

22. A polycarbonate blend in accordance with claim 8 wherein said slloxane copolymer has a weight average 
molecular weight of at least about 2,000. 

23. A polycarbonate blend in accordance with claim 22 wherein said slloxane copolymer has a weight average 
molecular weight of at least about 5,000. 
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